Reduction of trioses by NADPH-dependent aldo-keto reductases. Aldose reductase, methylglyoxal, and diabetic complications.
The substrate specificities of human aldose reductase and aldehyde reductase toward trioses, triose phosphates, and related three-carbon aldehydes and ketones were evaluated. Both enzymes are able to catalyze the NADPH-dependent reduction of all of the substrates used. Aldose reductase shows more discrimination among substrates than does aldehyde reductase and is generally the more efficient catalyst. The best substrate for aldose reductase is methylglyoxal (kcat = 142 min-1, kcat/Km = 1.8 x 10(7) M-1 min-1), a toxic 2-oxo-aldehyde that is produced nonenzymatically from triose phosphates and enzymatically from acetone/acetol metabolism. D- and L-glyceraldehyde and D- and L-lactaldehyde are also good substrates for aldose reductase. The aldose reductase-catalyzed reduction of methylglyoxal produces 95% acetol, 5% D-lactaldehyde. Further reduction of acetol produces only L-1,2-propanediol. Acetol and propanediol are two products that accumulate in uncontrolled diabetes. Both acetol and methylglyoxal were compared with glucose for their abilities to produce covalent modification of albumin. All three of these carbonyl compounds reacted with albumin to produce modified proteins with new absorption and emission bands that are spectrally similar. Both methylglyoxal and acetol are much more reactive than glucose. A new integrative model of diabetic complications is proposed that combines the aldose reductase/polyol pathway theory and the nonenzymatic glycation theory except that emphasis is placed both on methylglyoxal/acetol metabolism and on glucose metabolism.